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1. Field of the Invention ' 

The present invention relates to electrical stimulatiorf; ':of^;y^-f0^2''- ' 
tissues for 
jmore particularly, 



fields to create electric fields or currents that stimulate thesfe^^ 




tissues , 



2. Related Art 



Electric and magnetic signals are used to stimulate . ,r<^ 
of bodies for therapeutic, diagnostic and experimental purposes . -jw- 
iFor example, motor-control regions deep within , ^ they. ;b^^ 

Parkinson' s patients are sometimes electrically s *^^i^ : ^?p^^^^^^^^^ 
arrest shaking (dyskinesia), and some protocols, for 'tred±^gl^:f^^^ ; ^;: 
depression call for electrically stimulating a certain part .of -the; 

L^ ; . ejl.e^|^i^^^^^^^^^P 
signals can temporarily block or inhibit a brain fuhctibj^ 



brain. 

Stimulating 



a brain with pulsed sinusoidal 



, Cognitive neuroscientists have used such stimulation 

■''K'> :. • 

*;6r : "temporary lesion" portions of brains : to 
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determine or confirm which parts of the brains control * various *" 
body parts or functions. 

Repeated stimulation of a neuron can produce long-term 
changes in the neuron. Low-frequency electrical stimulation can 
5 cause long-term depression (LTD) of the neuron, which diminishes 

efficiency of intercellular links. On the other hand, high- . 
frequency stimulation can cause long-term potentiation (LTP) of 
the neuron. Thus, it may be possible to selectively increase or *" r 
decrease the excitability of neurons in discrete brain regions and 
■10 -thereby w program" or "reprogram" brain neural circuitry:^ 

possibility of using LTD and LTP to reprogram brain ' heuraig:;:^ 
circuitry, such as to enable the brain to perform a function that' s " V: • ' 
J . was lost due to a stroke, is presently motivating research in ithi^ 

area . ' " . \ :■:.;■.■*""'■';;■ v^,<: "'• 

15 Electrical stimulation of tissue below a subject* s^si^^^^ 

however, invasive, in that it requires implanting electrodes _and; : ^;;;_ /r> ....^ 
v ..sometimes involves, risks associated with anesthesiaV ^ Fortuhatel 

magnetic pulses are known to induce electric fields and : currerits^^^ 
that can stimulate excitable tissues, such as nerve cells and?; 
20 muscles. Thus, magnetic pulses can be used to non-inv^si^fc^^ 

stimulate these tissues. A magnetic stimulation field is typically;^ 
y ; generated by a current-carrying coil. Most successful; : :?fcran^^^ 

magnetic stimulation (TMS) applications involve figure-8 coil^ 
-V .Circular coils have also been used, but the currents : the]^ 
25 in tissues are typically more diffuse. - : y ' '^JW^S^^^^^^f^ 

With conventional coil designs, magnetic field strength l *ffi%f:^ 
drops off sharply with distance from the coil. /Incr^asi^ 
magnetic field strength to overcome this drop-off can '. have v y>^v 
-undesirable side - effects, including stimulating:^.,^ 
30 stimulating surface and near-surface tissue, which can - cause ; skih.^.;^^ 1 . : . _ 
;v^r ^muscle twitching or pain. Consequently, magnetii^^ 
^ ; cannot be effectively used deeper than about 2-3 cm ^iilAin:-& ; 6^^^^^p^^' 
Unfortunately, many regions of the brain and other ' potentia^^ 
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beneficial or interesting stimulation regions lie deeper than 2-3 " . .' 
cm and are, therefore, unreachable by conventional magnetic- > v v 
stimulation technology. 

Furthermore, conventional magnetic stimulation technology 
5 cannot stimulate a region below a body's surface without also 
stimulating tissue that lies between the surface and the region 
that is to be stimulated- This lack of ability to target or focus < 
magnetic stimulation can pose problems, such as when it is 
desirable to stimulate a region deep within a brain without also 
10 stimulating other portions of the brain. Thus, the lack -of-;:-; -^..v . 

targeting ability, and the related depth limitation discussed , : 
above, severely limit the number of situations in which ;jnagnet:i<^ 
stimulation can be used successfully. v : Xt-Sgt ^ :; >^: ; 

BRIEF SUMMARY OF THE INVENTION : /: .\ 

'15 v :- ; ' • Embodiments of the present invention enable a target. r^i^M^^^X : ^X;[ 
of interest to be magnetically stimulated, without necessarily/ \ r ' 

stimulating adjacent regions or regions that lie between the . • ' ' J ; 
surface and the target region. Some embodiments of the -invent 
utilize at least two time-varying magnetic fields that '" create^ ' :ttyX : : : -'j'-: . ' 

,26 -intersecting electric fields in the target region.,/:Tlfe^^ 

where the electric fields intersect is called an * Lnt§rsec£±0zfp' 
^ ireaion." The magnetic fields, and therefore the' electric '■' t f±^3^^^^/^^^[ : 

r * ■ ■ ^ rr/ ^" : 

operate at different frequencies and thus produce a beat frequency^ X'\ : ' 
electric signal in the intersection region. Each of the at leas : t ; 
25 two magnetic fields operates at a frequency/amplitude .combinkti^i^ 

that does not cause significant tissue stimulation. Thus ,• ,\it ^±s^^^i^^ v;" 



^possible to use field strengths high enough to'----pen'eraais^ 
within a body ' ' ' ' JJ_1 ~ A " ! 1 ~ 



-f : ; frequencies are 
30 i.e. , the beat 

intersection region. More precisely, a time-varying electric' 

/ ;•: . ■ field, or a current caused by the time-varying elest£j.Q^ 
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alternates at the beat frequency and stimulates f excitable^ti^§^el^^^^^^^^ 
in the intersection region. 

Some embodiments of the invention utilize a novel coil 
configuration to generate a deep-penetrating magnetic field. The 
coil includes a first conductor and at least one second conductor' 
electrically connected to the first conductor at a point. The at . 
least one second conductor extends from the point of connection; ; 
with the first conductor to a location spaced from the first v \ • <•<::•? >\v 
conductor. At least a portion of the second conductor adjacent the ; 
point of connection with the first conductor is non-parallel -to ,/^p ^:^, F riv^. 



"15 



:£0 



25 



30 



the first conductor. The coil preferably includes a number : of; 
second conductors spaced evenly around the first conductor ; - Ih brie • 



embodiment, the second conductor is a cone-shaped surface.. ■;: \ v;^r;";j; S- 1" '. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS . . 



es, . aspects . ; : a^C^^3v^fc^ : ^ 



These and other features , advantage 
embodiments of the present invention will become more apparent ^to' -^m^: ^; ; v;- <; 
those skilled in the art from the following detailed description. 
of an embodiment of the present invention when taken ^ ; wii^ 
reference to the accompanying drawings, in which the ; first ->digi;K/^ 
of each reference numeral identifies the figure " in ■ wHicn^ 
■ corresponding item is first introduced, and in which k^.A 
V . :. FIG. 1 is a;, perspective view of a two-coil .embojdime^ 



clinical or experimental : \\^k^^&^-.-J- : \ 



present invention being used in a 
context; 

FIG. 2 is a simplified schematic wiring . diagram: --d'f^^ 
embodiment of FIG. 1; : •'^YstM^^ 

FIG. 3 is a diagram illustrating a "position' of if t : ar^^^|^^#^^ ?fv • 
intersection region produced by an embodiment, such /: as|..fefe 
^illustrated in FIG. 1; ■ i/^^ 

FIG. 4 is a diagram illustrating a shift in position ofvvtl^ 
intersection region of FIG. 3 as a result of altering one magnetic, f . ': -V^^k/ : , 
■ field strength; . ^ ! - J ^ ^^^^^^^^^ 
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£\fi^ v :::*v- \FIG.~ 5 is; *a diagram illustrating, a ,;posifcxoi^^ 

intersection region of FIGS. 3 and 4 as a result of altering the **' 7\. 
angle of the coils; 

FIG. 6 is a top view of a possible orientation of two coils: 
5 and an intersection region, relative to a subject, according to 

one embodiment of the present invention; . ! ^ ' ' " 

FIG. 7 is a top view of a possible orientation of four-coils 
and an intersection region, relative to a subject, according to, 
another embodiment of the present invention; 
10 FIG. 8 is a simplified schematic wiring diagram of the .X 

embodiment of FIG. 7; . . - :-:>y r^^^^-^^^^^M^ 

FIG. 9 is an alternative simplified schematic wiring ;diagram>.;: ; ^^ • -. 
iy . of the embodiment of FIG. 7; ■ ' 

FIG. 10 is a perspective view of a four-coil 
Ji5 . '/the present invention being used in a clinical 

context; ' ' 'V.^^ 

FIG. 11 is a simplified schematic wiring diagram the. - ; : Xv^XV- -X;- 
embodiment of FIG. 10; 
FIG. 12 is a 

^embodiments Of FIGS. 1 =rir1 1 n rsr uH+-h r^nxront- Ihri'al < rji^^^^^^^^^^^SS^^ 

stimulation equipment; 

;;U FIG. 13 is a diagram of an alternative embodim^ri£j 
coil of FIG. 12; and 

FIGS. 14A, 14B, 14C, 14D and 14E contain diagrams of other 
25 alternative embodiments of the coil of FIG. 12, 




.20 



diagram of a coil that can be used, with:; tl^ 
5S. 1 and 10 or with conventional Fi^^M^^^^^^^^^ 




DETAILED DESCRIPTION OF THE INVENTION 



, : Embodiments of the present invention use at least \;fcwp^^ 

0fk^£3y£o-> deliver at least two time-varying magnetic f±eX^iS§iM^^Y^^^^^^^^ 
1 Each magnetic field induces an electric field 'arid ' ele&]S@^^^^^^^;r 
30 currents in electrically conductive tissues, such as nerves A;p^;'^f;^%#^p^ : - 
: :r . muscles, within a portion of the body. Each electric fieltf^an^ 
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currents may extend beyond its respective magnetic f ield/->e^au^^^^^^p^? ; 
of the conductive nature of the tissues. 

The at least two magnetic fields need not necessarily 
intersect, however the coils are oriented such that the electric 
5 fields or currents intersect in a target region of the body. The . 
coils are preferably driven at frequencies and amplitudes that do 
not directly cause significant tissue stimulation, but a beat : ^ v 
frequency signal produced in a region where the electric fields or - J . 
currents intersect (the intersection region) alternates at a 
10 frequency (the beat frequency) that stimulates excitable tissue in , r . 
, . the target region. :•.:-.■-;■;> 

In clinical or experimental contexts, it is often de s i r abi e • • ^\f-''^. . ' 
to precisely orient the coils relative to a body part and hdI«aTrth^ 





body part steady, so the electric fields intersect 
15 ■'.'region. Sometimeis it is necessary to maintain or. 

coil (s) -to-body part orientation for a period of time during a • . .-. 
treatment or repeatedly over a series of treatments. Fixtures, : . 
such as the one shown at 100 in FIG. 1, can be used to estabiis^^ 
and maintain such a coil (s) -to-body part orientation. Although^tlfe^ 
20. fixture 100 is shown being used to hold a head of a ' sub 3 ect? 1 g^ 1 -- -'^^ 5 ^ : 
steady in conjunction with stimulating a 

subject' s "head, other similar fixtures (not shown) . . . 

hold other body parts steady in conjunction with stimulating othet 
regions within a subject's body. Alternatively, head-fitting coils • '{t^- 
25 (so-called "cap" coils) or coils fitted to other body -par^sVcan^^^^ 

used. In other embodiments, one or both of the 
§K ; . shield. 
- The coils 104 and 106 produce 

farrows 108 and 110), which induce 
30 : and 114. As noted, the electric fields 112 and 114 can 

beyond the respective magnetic fields 108 and 110 due to the : '■■ xjY;/' 
- conductive nature of the tissues. The coils 104 . andv*l;0.6j;H^ 

nter sect ' -in- Sanft -SlSr&i^i ' : ; 

■■■■■ ". 




oriented so the electric fields 112 and 114 intersect ' : irv ^an/i 
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'intersection region 116. The orientation of the coils 104/ 's^M^^^^^^^^ 
and the strengths of the magnetic fields 108 and 110 are selected T 
to position the intersection region 116 so it corresponds to the 
target region of the subject 102, as described in more detail 
5 below. Embodiments of the invention preferably use a novel coil "v.:/ 1 
design, which is described in detail below. Alternatively, - 
conventional figure-8, circular, Helmholtz, Hesed, cap or other ; V 
types of coils, coil arrays or coil combinations can be used. : v' : 
The intersection region 116 shown in this example is located 
•10 within the brain of the subject 102, but the intersection region^.^ 

can be located elsewhere in the subject's head or in another. , • . .;. 
\. portion of the subject's body. In the example shown -ip^^^i^l^^^^j^^^* 
v "' " magnetic fields 108 and 110 penetrate at least part way. thrdix^h^l;^^^^. ...> 
~ the subject's head. In some applications, the. magnet '^^m^X^W^^^ff'^ 

In. A magnetic field is referred to ' hereiri; : "^Sf^^^S*^"' 



15 penetrate the brain. A magnetic field is referred to hered.n; : 

being adjacent a brain whether the magnetic field penetrates the. J.'-^^ 
brain or is merely near the brain. 

Each coil 104 and 106 is driven by a signal generator 118 -to> 
" produce its respective time-varying magnetic .f ^^/^^^^^^^^^^^^m 



: 20 TIG. 2 is a simplified schematic diagram of one embodiment :■ &££&h& 
.present invention.. Coil 104 is connected to ; a-. 

generator 118a f preferably by a first flexible cable 204, r an^c^^^^p|^p- 
106 is connected to a second signal generator 118b, preferably by -■• ^ ^ 
a second flexible cable 206. The signal generators 118a and ; 118 b; . ; ^ r ;^ 
25- include appropriate power supplies, amplifiers, signal str^n^tlV: ■''^■^M^.- 1 -- 

controls, frequency controls, timers, coil cooling. r BYste^-^^^^t^^^^^^ 
® \'( not shown) , as are well-known in the art. Amplitudes: 
magnetic fields 108 and 110 vary according t o tfcftfjgj^^ 
t 'P ^drive the respective coils 104 and 106. Pref erably, the . dod^s^-^^^^^^^^^ 
30 and 106 are driven by sinusoidal signals, but other waveformsvj 
, such as square waves, are acceptable. The magnetic fields 10 8. - and; ; ^fe.*. 
.110, and therefore the stimulation, can be applied m p}&aef/ m p&~-' x - *:\< 



continuously for a period of time. The magnetic fi@1^10|^^^ 



-7- 

'V'^V ^ $V ■ v, .V;. . 






■ WO 2004/082759 

are preferably pulsed, such as alternatingly on for 10 mSec . arid K -jrv . 
off for 90 mSec, to allow the coils to cool after each pulse. 

Returning to FIG. 1, each coil 104 and 106 produces a time- 
varying magnetic field 108 and 110 that alternates at a different 
5 frequency. The frequencies are preferably between about 5 KHz and 

about 100 KHz, although other frequencies below about 5 KHz or, • .. : 
above about 100 KHz are also acceptable. The frequencies and-- ; 
amplitudes are preferably chosen so the magnetic fields 108 and 
110, or electric fields or currents they induce, do not 
10 significantly directly stimulate tissues within the magnetic . ; : . 

fields. . ^.••,^u.v^a,f^^^^/- : ; 

. The frequencies are also chosen so a time-varying electric;^ 

field (or electric currents created by the electric 
^alternating at a frequency equal to the difference between 
15 magnetic field frequencies would stimulate excitable tisisue 

located within the intersection region 116. The difference between .. 
the two magnetic field frequencies preferably is between about 
Hz and about 50 Hz, although differences between about 1 Hz;: !aiid ^ v ' 
: about 100 Hz or any frequency that would stimulate excitable^ ; ^ - " 
.20;. .tissue are acceptable. ^ ^ > ... ^-^^f^^i^^^p^^^^te 

> As noted, each magnetic field 108 and 110 induces.^ 

varying electric field 112 and 114. These electric fields ll^'ank*^ 
114 interact in the intersection region 116 to produce the beat; > 
frequency time-varying electric field 120. The time^varyxft^-^^ 
25 electric field 120 alternates at a — — « *w<v^.i&*^?p^ 
,|v'; / difference between the magnetic field frequencies, 
. frequency. 

^ /;.^ , ^5■^^'^'';■The location: of the intersection region' 116^ 

determined by the orientation of the coils 104 and 106 arid ;; the ! 

30 strengths of the magnetic fields 108 and 110. As shown in FIG. 3/ " : 

if the coils 104 and 106 are oriented such that their -re sp.e p t i v^-p^^^ • 
axes 300 and 302 form an angle 304, the intersection region -:ii6cfcv^^ 

■ , : . lies along a line 306 that divides the angle. ""•The'''; fntfer&^^ffl^^^*^^"' 

:V: ; . : - ■ " -^;. L - ^:M^ : ^">i?M 
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example, the field produced by coil 104). ±s-. i .^r : v\ 7 .j^ ..v., ; ,; 
er magnetic field, the line 3(>6a 




region 116a is displaced along the line 306, away from the vert6»^^;-t;^,^; - 
308 of the angle 304, toward the coils 104 and 106. This 1 ■ 
displacement and the exact location of the line 306 are influenced 
by tissues, particularly conductive tissues, that lie within , the 
5 magnetic fields and electric fields, as well as the coils'- . 
designs. • 

If the magnetic fields 108 and 110 are of egual strengths, 
the line 306 approximately bisects the angle 304 formed by the 
coil axes 300 and 302. However, as shown in FIG. 4, if one of the 
10 magnetic fields (for 
. weaker than the other 

intersection region 116b are displaced toward 
v' weaker magnetic field and further away from the vertex' 

In general, as the angle between the coil axes increases'^ 
15 the intersection region moves closer to the vertex 308. '• To 

illustrate this point, FIG. 5 illustrates coils 104 and; ; ^-Q6^ 
oriented in opposition, i.e. their respective magnetic fields ^Ifif^ x^MkK^"'. 
X' and 110 are aimed at each other along a common axis 500 '"'^^p^p^^f^^^^:'''' 
> words, the coils 104 and 106 are oriented 180° a P ar ^^fc;^®^^^^^^^^^ 
^d; v^l04' : and 106 are -oriented in opposition, and the:. n&^fe^J:^ 

are of equal strengths, the intersection region 116c , -liJ^s^y.rl^C^ ' . 
approximately half way between the coils and along the axis 500. ' : 

Returning to FIG. 1, the arrows representing the ^.magfieti^^ 
fields 108 and 110 indicate directions of the respective : magh$ti<% 
,25 "fields. The magnetic fields 108 and 110 are* oriented 

toward the target region. The coils 104 and 106 
^.2^:i>the/:: 
'such 

30 However, the intersection region can be larger or smaller ,th^^^^^^^l^^^ ( 

region to be stimulated, 
v ; v In general, the strength of the beat * frequency-;- 
.. field 120 is approximately twice the strength of 



strengths of - the magnetic fields 108 and ^M^^lm^$^mm 

■ ■ , . „ . • - -^^ : -^#^p^Spp^ 

that the intersection region 116 is preferably approximately*: : 'S^9w,W ^ 
the same size as the region of the body that is to be stimulated.?;; l-v'^Tf^r- 
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that would be produced by the weaker of the two magnetic fields'' 
108 or 110 alone. Similarly, electric currents created by the beaF'^ /i ^'" 1 '" 
frequency electric field 120 are approximately twice the strength 
of currents that would be produced by the electric field produced 
by the weaker magnetic field alone. Thus, conventional: . . , 
calculations can be used to determine the strengths of .the i 
magnetic fields 108 and 110 needed to stimulate a target region, 
given the depth of the target region within a body and the desired 
strength of a stimulating electric field to be applied to the * 
target region. 

As noted, the 
the electric fields 

: the coils are oriented such that the beat frequency elect ri<^ 





c 30 



120 does not extend outside the target region or the amount of " 
this out-of-target region extension is minimal. Thus, tissues \ . : VJ> • 
outside the target region are not stimulated, or out-of ^targeft!tV^#^;p> 
region stimulation is minimal. FIG. 6 is a top view of two cpils : '•^■■ w 'h^hr\: - 
104 and 106 oriented about a head 600 of a subject . - The ^£]^^fW^^^^^^^^f M 
and 106 produce magnetic fields that ultimately cr^at^ a^ : ^^^^^|^^^p^^^ 
v frequency electric; field or currents in an interseqta^ 

In some embodiments, more than two coils are used to produce^ \'^": ; '^\;?? f fV 
the intersecting electric fields. For example, FIG. 7 shows- ^fou£if^^ 
coils 700, 702, 704 and 706 oriented about a head 708 of a. ^subj^c:^ 
to stimulate a target region 116e. If more t han ' : two 11 ^co^^M^^^^i^^^^^^^- 

used, as in this example, each of two signal generators ckn/ t dri^e^^ 

--: \? v. ' ; - ■ . • ' ' ' ^^^^^M^^^^m 

;i.^>ne or more of the coils. For example, as shown : . ~in|^iG •^^•gtl^^ 

coils 700 and 704, which are driven by one signal generator 11 8a^;* 

can be connected to each other in parallel, and the coils 702 and:'. ■■'~--^\^%^ 

706, which are driven by the other signal generator -118b,.. 

connected to each other in parallel. Alternatively, as shov/ri^n;:^ 

FIG. 9, the coils 700 and 704 can be connected toy ^ 
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series, and the other coils 702 and 706 can -be. .-.connected- 
other in series. 

As noted, the coils can be Helmholtz or other types of " V;-' 
coils. For example, the coils 700 and 704 shown in FIG. 9 can be 
part of a Helmholtz coil pair, and the other coils 702 and 706 carr.';V ;.. •-. 
be part of another Helmholtz coil pair. ' : . 

The coils 700, 702, 704 and 706 can be oriented such that 
all the electric fields produced by the coils intersect. 
Alternatively, the coils can be oriented such that pairs of 
electric fields intersect in intersection regions, - and: -■tl^e:^ 
' intersection regions fully or only partially overlap eaqh \OX^^k^ : (^^&i^ir- 
: - : as described in more detail below, with ref erence ; t&^£&^^ 

Thus far, embodiments that generate magnetic" fiel^s-^&^S-t^^ 
operating at two different frequencies have been di s cus sed . r v : #^ ■ 
Alternatively, magnetic fields operating at more than:- _ ^J^^^^-^^^J^ 
different frequencies can be used. Such an arrangement can, - fpr/~>^^ 
example, be used when it is difficult or inconvenient': to;;. ^0tiji^a^00^^^^^^ 
a suf ficiently strong or sufficiently targeted . beat . :f r.e^eiS^ , 
• ;signal using only .two frequencies. For example, h^s^0^^$^^0^^^^^^^^^ 
•10 and 11, each of four coils 700, 702, 704 and ' %'& ^6in/^^^^^^^^^ 
connected to a respective signal generator 118a, 118b, 118c arid- -\ - -^'^^ j^^ ' 

■ ii8d. ■ 

Two of the signal generators 118a and 118b and two of : , th^^ 
coils 700 and 702 can operate at a first pair of fxe^encal^^ 
v and F2) to produce a first pair of electric fields that intersect), l^^^ : i-y^:% 
:.:<:as : described above,, to produce a first beat frequehc^si^^^^at^^^K^^^^gl 
.The first beat frequency is the difference between the 'firsts 
of frequencies, i.e. the absolute value of (Fl - F2) 

■ ■ ^ ^ £ , 

The other two signal generators 118c and 118d and the othei 
two coils 704 and 706 can operate at a second pair of freq^enci'es^ 



(F3 and F4), different than the first pair of . frequenciesv^tF^^ridlSg^^^^^^ 
F2), to produce a second pair of electric fields that'dntersectifccK^^^ 



^produce a second beat frequency signal 120b. 
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frequency is the difference between the second •. pair : --of." •' - - • V •-. 

frequencies, i.e. the absolute value of (F3 - F4) . 

The coils can be oriented such that the two beat frequency 
electric fields 120a and 120b fully or only partially overlap each 
other. If the beat frequency electric fields 120a and 120b only ' •'• 
partially overlap, the maximum stimulation is provided in a region 
1000 where the two beat frequency electric fields overlap, and 
less or no stimulation is provided in the remainder of the two 
beat frequency electric fields, .... . .. 

The considerations described above, with respect to a tvr<D- 
r-, frequency system,,, apply to a system that uses -mote 
frequencies. Each frequency/amplitude combination is 

chosen so it does not significantly stimulate tissue within .the, '' ; }|^jSftv 
respective field, and the frequencies are chosen so beat, frequency^: "X^j.-:-;*. 
signals produced by the electric fields (or currents ) stimulate-, ^; ; i, 
excitable tissue in one or more beat frequency electric fieldsw^^ 

The beat frequencies can be identical or they can r be . 
/different from each other. If the beat frequenci 

7 it is preferable for the beat frequency signals to be in- "phase 
with each other, so they do not destructively interfere with eac£ 

other. A phase controller 1100 (FIG. 11) can be used to maintain a 

. ■ - . r * : % ^^t^mmx. - — -; 
phase relationship among at least some of the signals generated. /by' : ; 



.the signal generators 118a~d, so the resulting .p^atJSz^ie^^^^^^^^^ 
^signals are in phase. ^ % .^w^:/^ 

As discussed above, with conventional coil ;^^^^^|3|^?^^^^^^^^^^^ 
Afield strength drops off sharply with distance 
Embodiments of the present invention preferably use a novel- cpil 
design that provides deeper magnetic field penetration , than : ;;^ N v^v|^ 

this coil can be:y. A "?^-?:.-.;- 



ies 'axe^vi'iSe^ 

: ' ■ ' v ;^^v, :> ; 

Ls to tie ': ^^^^^^^^^^y 



conventional coil designs. In addition, 
advantageously used with conventional magnetic^ . ; / stira^^^^J^^^jt_^^^^^^^^^^^^ 
/equipment. When the coil is used with conventional magiietl^^^ 



.stimulation equipment, it 



between about 10 and 100 Hz 
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v : ;; Hz and lKHz, or any frequency that would stimulate , ^excifc^I^ : ^Mp^E:; ; ; ,* 
tissue, are acceptable. - --r^.^^ 

FIG. 12 illustrates one embodiment 1200 of such a coil. The 
coil 1200 includes two leads 1202 and 1204, by which it can be- %" 
5 connected to a signal generator (not shown), such as via 'a ^ • 
flexible cable (not shown) . One lead 1202 is connected to a first 
conductor 1206, which provides a signal path (indicated by arrow 
1208) to a point 1210, preferably at the end of the first 
conductor. The first conductor 1206 is preferably substantially- 
10 straight, although a slightly curved first conductor or minor ^ t ^\ > ^ 

-deviations (such as a series of "s" shaped ur^Sg^ 
P ' : acceptable . " ' ' , .rl] ]^PP -ISS^^SP^i-^ 

At least one second conductor (examples of which are shown ■ 
at 1212a-f) provides a signal path (examples of which are-;;;]; -.^ : r& : y ■ 
15 indicated by arrows 1214a-f) from the point 1210. The ^ s^^>^^ ; :'' 
_ conductor 1212 is oriented generally back along the. signa|^^^j^^^^^^ 
' " 1208 of the first conductor 1206. The second conductor 12-12 ;:is,^. r: .^ : v;r;;:;; "... 

-connected to the. second lead 1204, such as by -%^u-^^g^^^^j^^^^|^ 
. s :the second conductor 1212 is connected in series with;-; th^f^^f^^^^^^ 
20 conductor 1206. Together, the first and second conductors 1206. and 

1212 provide a continuous signal path through the coil 1200,. The ^:^>,\ : -yW^. 
... . .first and second conductors 1206 and 1212 can be wires or they \ c^y-^h\ ' J' v - ' . 

be made from a single piece of wire bent proximate the ^PPiinfeVd|2^fe^^^^^^^ 
• The second conductor 1212 extends from the point 

./ v 2$^ ; r cpnnection with the first conductor 1206 to .a ^^^^^^j^^^^^^^j^ 
"'-fof 'which are shown at 1218a-f) spaced from the first' 

least a portion of the second conductor 1212 adjacent the poi^' 
1210 of connection (such as the portion between the point 1210 and V:r 
. the location 1218) is non-parallel to the first conductor yi2<yS0^^^^, ''''' 
•30 From the location 1218, the second conductor extends^ta^^^^^^^^^^^p 
$\ : :\ 1216, although this extension need not be straight. -Tfi£' '^|"^^^|Jv^^r!'. 

conductor 1212 forms an angle (an example of . which^.is ; ksh^ 
•' ^ ^1220) with the first conductor 1206. This angle 12.M''is^prlIe 
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between about 10° and about 20°, although other angles *as vr ska£^^ 
about 1° are acceptable. Angles up to 45°, 90° or more are also 
acceptable- * \. 

The coil 1200 preferably includes six second conductors 1212 
spaced evenly around the first conductor 1206, although fewer (as 
few as one) or more second conductors 1212 are acceptable. When 
more than one second conductor is used, electric current flowing 
along the first conductor 1206 is approximately evenly divided 
among the second conductors 1212a-f. Thus, the magnetic field 

.surrounding each, second conductor 1212 is weaker jthanj^t 
field surrounding the first conductor 1206. 

Alternatively, as shown in FIG. 13, the second conductor . 
1212g can be a surface or a portion of a surface (such as a cone), . V :-S;^^;/-. V #^" • 
Bus 1216g can also be a surface or portion thereof. ;-• : ? X>-,VvV 

: Although FIGS. 12 and 13 show second conductors, i^2^^||;^^|fc^|;i^& 
extend substantially straight from the point 1210 of connection 
with, the first conductor 1206 to the location 1218; j-sp^ed^ 

/first conductor, other shapes (such as an umbrella shape".)" *; 'air £ ' : a'iW^||^|^^^^1^ ; / r 
acceptable. Examples of other acceptable shapes of second - 1 -."U* 

conductors are shown in FIGS. 14A-D at 1212h, 1212k, 1212m, 1212n: 

. . ' - ...... ^ ^^M^^^y^ ' ^ 

and 1212p. As shown in FIG. 14C, there need not be a , def init^; \^^^ : y]'\ 
point at which the first conductor 1206 connects . ,£9,^ 
conductor 1212m. 

. Although FIGS. 
: conduct or 1206, 

FIG. 14E) are acceptable. Furthermore, as shown in FIG. 
first conductor can include more than one substantially, parallel 
conductor (examples of which are shown at 1206a and 1206b), ahd':-->- : vivvi 
the second conductors (such as 1212n and 1212p) can.;,be /bohne^S&^J^tt^&M 
in series with the first conductors. In addition, features ^ shown "^ ' } ' 
■in FIGS. 12, 13 and 14A-E can be combined in an, en 
^example, the six-first-conductor embodiment of FiL : ^ :t ^^ 
constructed with a coiled second conductor. -^V-V;^^- ' 
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& 1 While the invention has been described 'with '-re^drencd^^^^^^^^^^^^^ 
preferred embodiment, those skilled in the art will understanding 
appreciate that variations can be made while still remaining;; ; 
within the spirit and scope of the present invention, as described 
in the appended claims. For example, various types of coils 
(circular, figure-8, Helmholtz, etc.) can be combined in a single* 
embodiment. In addition, various types or combinations of coils 
can be combined with two or more signal generators. 
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CLAIMS 




What is claimed is: 
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1. A magnetic stimulator for magnetically stimulating a region 
of a body, comprising: 

a first coil producing a first time-varying magnetic field 
adjacent a brain of the body at a first frequency; and 

a second coil producing a second time-varying magnetic field 
adjacent the brain at a second frequency that is different . than : 
the first frequency; . y ^^^^^^^ 

wherein the first and second coils are oriented such that ^ 
the first and second magnetic fields produce a beat frequency su.. ;/jX^N\ 
time-varying electric field in the region of the body, the^'beafe^^ 
frequency being determined by the first and second f requencies;iii£^>K^Sfi^'f s '\ 

; . :■ ' ^^^^^^^^^^^^^^ 

2. The magnetic stimulator of claim 1, wherein 
■frequency is within about 100 Hz of the second frequency 




3. The magnetic stimulator of claim 1, wherein the first ; /v;rV\ 
frequency is within about 50 Hz of the second frequency. ' ; 

The magnetic stimulator of claim 1, wherein ; -the'' f irs^^^^ft^^^^^^^ 3 
second frequencies are each between about 5 KHz and aboutil'QOy^^ 



the " ';be^^^^^y : ; 



30/ 



5. The magnetic stimulator of claim 1, wherein 
frequency is between about 1 Hz and about 100 Hz. 

im 1, ^ ^ wherein _ 
ut 50 Hz. 



6. The magnetic stimulator of claim 
■^■frequency is between about 10 Hz and about 



J|?.:^7^The magnetic ;.stimulator of claim l f wherein.' 
comprises a Hesed coil, and the second coil comprises' 
coil. 
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8. The magnetic stimulator of claim 1, wherein the ; f ir^t coii : i3 ; r^v^ ; 




comprises at least two coils, and the second coil comprises at; 
least two coils. 



9. The magnetic stimulator of claim 8, wherein the first coil 
comprises a Helmholtz coil, and the second coil comprises ; ;.a; 
Helmholtz coil. 



10 
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10. The magnetic stimulator of claim 8, wherein the at least two_//^^y^ ; - ; 
coils of the first coil are electrically connected to each other- " •^/•"^ 
in series, and the at least two coils of the second coil are^vt>^.^:.J rr ^ .;, 
electrically connected to each other in series. ; _.-V. V/ ., / -:-^ ; ^.-: ! '/, v ■ 

; ll. The magnetic stimulator of claim 8, wherein the at least; two-! i^^^i- 
rcoils of the first coil are electrically connected^ 

in parallel, and the at least two coils of the second ^cdii v .a$®^^^^^^?^^^ 
electrically connected to each other in parallel. 

12. The magnetic stimulation of claim 1, wherein amplitudes'^ 
the first and second 
^respective sine functions, 




time-varying magnetic , : .field^^^ 



=13. The magnetic stimulator of claim 1, further comprising 

a first signal generator connected to the first coil; and 
a second signal generator connected to the second coil. 

.14. The magnetic stimulator of claim 13, wherein: 




the first signal generator produces a signal at the - ;f|^^ 



ipency; and 

the second signal generator produces a signal "a1:^fi3^1iWcp^[] 
frequency. 
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^4^-^^^- ^The.^magnetic_ stimulator of claim 1, wherein:* 

comprises: c 
a first conductor defining a signal path to a point on 
the first conductor; and 
5 at least one second conductor defining a signal path 

away from the point, the at least one second conductor being 
electrically connected in series with the first conductor at 
the point and extending from the point to a location spaced 
from the first conductor by a predetermined distance, at 
10 least a portion of the at least one second conductor 

adjacent the point being non-parallel to the first 
conductor. ' " V. 



16. A magnetic stimulator for magnetically stimulating a regipnv v:^-.//v v / 



15 of a body, comprising: 

" .\ a first coil producing a first time-varying 

at a first frequency; and 

a second coil producing a second time-varying magnetic field 




20 



at a second frequency that is different than the first f requehcy^ ^^iS? 
the first frequency being within about 50Hz of the . ,^sec6n^ : ^[f^^Aw^: 
-.frequency; ' / ;"C V^-^o '■ ^Jv'^vf''"' 1 



v ... wherein the first and second coils are .oriented,: sucte^KSiS^ 
. the first and second magnetic fields produce .,a-, bea:b.V;f ^pqyfen^^^^^^^^^^f 
time-varying electric field in the region of the body, the B'eja^^^^ 
25 frequency being determined by the first and second frequencies, . . ; ■ ^|x. t 
' ' ■ A - 

17. The magnetic stimulator of claim 16, wherein the ,fi: 
■second frequencies are each between about 5 KHz and about' 




^p;^^|l8/ : '; The magnetrci stimulator of claim 16 
frequency is between about 10 Hz and about 50 
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of claim. 16, ^whereih:;;'? 
comprises at least two coils, and the second coil comprises at 
least two coils. 



10 
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25 
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20. The magnetic stimulator of claim 19, wherein the first coil ..: . 
comprises a Helmholtz coil, and the second coil comprises ' a : ; : • 
Helmholtz coil. 

21. The magnetic stimulator of claim 19, wherein the at least ' r '"-'- 
two coils of the first coil are electrically connected to each 

other in series, and the at least two coils of the second coil are^ : S|||^rr>^;- 
electrically connected to each other in series. . \ 1- r\- 

v , ■ •,: : ^■■ m^0s^^^-- 

22. The magnetic stimulator of claim 19, wherein the at "least >'^T%.t ' u^^-^i 
:. . • 5. . ^h^T^&M^^^^^^^. 
'two "coils of the first coil are electrically conhectedfitpS -vea^fi^^^c^#^ 

other in parallel, and the at least two coils of the second coil; ';.7* 

are electrically connected to each other in parallel. *;/. • • V V- 



: 20 ' 



ne magnetic stimulation of claim 16, wherein amplitudes*-^ 
Lrst and second time-varying magnetic f ields^^V^^^^^^^^^^^^ft 



'23. The 
the . first 
respective sine functions 



24. 



The magnetic stimulator of claim 16, further comprising: : 
a first signal generator connected to the first coil; and •) -• • '"■ "% 

a second signal generator connected to the second coil..;, - 

o.25. The magnetic stimulator of claim 24, wherein: \; ^^^'i^^^S^^S^^^^^^ 
the first signal generator produces a signal at f : %rst?.^f^ 



^frecjuency; and = • 

the second signal generator produces a si 
frequency. 
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The magnetic stimulator of claim 16, wherein' tK'e: 



v 

is 



1 



comprises : 

a first conductor defining a signal path to a point on 
the first conductor; and 

at least one second conductor defining a signal . path 
away from the point, the at least one second conductor being 
electrically connected in series with the first conductor, at . 
the point and extending from the point to a location spaced- 
from the first conductor by a predetermined distance, at 
least a portion of the at least one second conductor 
adjacent the point being non-parallel to the first^ 
conductor . 



#20 



27. A magnetic stimulator for magnetically stimulating #aJp§l^fiii^!^^ 
of a- body, comprising: • -M^HMm^^^^^^^mS 



a first coil producing a first time-varying magnetic field 
at a first frequency; and 

a second coil producing a second time-varying magnetic fieXd. :l ---. :r - : '-p' : '- : ']■ • 
at a second frequency that is different than the first frequej^y^'^^jvi^. ■■ 
reach of the first and second frequencies being between about' 5' KHz.- • " 
and about 100 KHz; 

" 7 : wherein the 'first and second coils are oriented; 
the first and second magnetic fields produce a beat .frequer^y';::g^^ 
time-varying electric field in the region of the body, the beat 




frequency being determined by the first and second frequencies:. 



^28. , The magnetic stimulator of claim 27, wherein tl 
-frequency is within about 100 Hz of the second frequency^ 



30 



29. The magnetic stimulator of claim 27, wherein ''^the J -b^i":^^^' 
frequency is between about 1 Hz and about 100 Hz. 
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30. The magnetic stimulator of claim 27, wherein " tWe;.^"l?^f^? ^llr^^CS^: 
frequency is between about 10 Hz and about 50 Hz. 



31. The magnetic stimulator of claim 27, wherein the first coil . 

5 comprises at least two coils, and the second coil comprises at - • >• • ' 
least two coils. - 

32. The magnetic stimulator of claim 31, wherein the first coil - 
comprises a Helmholtz coil, and the second coil comprises a 

10 Helmholtz coil. ' x : :p/;,'#0;^::^ • 

|v' / ,33-, The magnetic stimulator of claim 31, wherein, t^^%1|^^^^^#f^^^ 

two coils of the first coil are electrically connected to each V; 
W'^U'hther in series, and the at least two coils of the secpndvy 
15 electrically connected to each other in series. w-..- ' 




20. 
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34. The magnetic stimulator of claim 31, wherein the at leas^-^^^^ 
two coils of the first coil are electrically connected to e^^-^^^ 



other in parallel,- and the at least two coils' of th^,:seoo^||^^^^^^^^ 
'are electrically connected to each other in parallel. / : ■; : : ' j}^- 



35. The magnetic stimulation of claim 27, wherein -anplitu^ 
the first and second time-varying magnetic fields vary as- 
respective sine functions. 



V\3-6. The magnetic stimulator of claim 27, further.. co m^^9^^^^^^^^^A 
" a first signal generator connected to the f irst .coiL; ^d^.. 

second signal generator connected to the /'P^pS^^^^^^^^ 

The magnetic stimulator of claim 36, wherein; 



37. 

the first signal generator produces a signal at the -^xtst^r^^ 
' frequency; and 
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the second signal generator produces a signal at the "seco^df^^f^^^' 



frequency. 



10- 



15 



38. The magnetic stimulator of claim 27, wherein the first, coil 
comprises: 

a first conductor defining a signal path to a point on - ' . 
the first conductor; and ' ;!:>:•;- ■ 

at least one second conductor defining a signal path 
away from the point, the at least one second conductor being 
electrically connected in series with the first conductor at .^.jJ^,^ 
the point and extending from the point to a. loc atiP|^s|^^^^^^^ 
>' , from the first conductor by a predetermined aistance r ,|^^ 

. least a portion of the at least — ,^teii^l&M^i®®£i 
' ; adjacent the point being non-parallel 

conductor. •■ . * - -^*^'*Vb 
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39. A magnetic stimulator for magnetically stimulating a region; 
..of. a body, comprising: ; - 

■ a first coil producing a first time-varying magnetic- ;;f^&i^^-^;^V^_' ..^ 
lat, a, first frequency; and ., ^ r^^^^S^M^^^ 



V : a second coif producing a second time-varying raag^|^i|^|:^p^^^^^^ 
at a second frequency that is different than the first . frequency^ 

wherein the first and second coils are oriented such, that ■ 
the first and second magnetic fields produce a beat frequency- r??$j«vf 



.25 



time-varying magnetic field in the region of the ^^^^^^^^^^^^^ 
'frequency being between about 1 Hz and about '" ; 50-' --Hz ; ^^^^^^^^i^^^- 
(determined by the first and second frequencies.. ^^^^^0 

40. The magnetic stimulator of claim 39, wherein the 




30 
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frequency is between about 10 Hz and about 50 Hz. 

41. The magnetic stimulator of claim 39, wherein 
-second frequencies are each between about 5 KHz and 
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42. The magnetic stimulator of claim 39, wherein the first coil 
comprises at least two coils, and the second coil comprises at 
least two coils. »■.-.■ ■ . ■ 



43. The magnetic stimulator of claim 42, wherein the first coil . V 
comprises a Helmholtz coil, and the second coil comprises S; j a' : t 
Helmholtz coil. 



44. The magnetic stimulator of claim 42, wherein the at least., ^,..., v/:v , v , V; .. 

two coils of the first coil are electrically connected - ;to^^^t&^#W^fe 
- : = bther in series, and the at least two coils of the second coii. arerv .u^>C:? " 
; .electrically connected to each other in series. :V 




45. The magnetic stimulator of claim 42, wherein the at least 
two coils of the first coil are electrically connected to each 
other in parallel, and the at least two coils of the second coil \. 
are electrically connected to each other in parallel. ., ; 



; <j46. The magnetic stimulation of claim 39, wherein:., ,ar 



rVthe" first and ' second time-varying magnetic ^ f ieldsfe^^Mi^^i^^^ 



respective sine functions, 



47. The magnetic stimulator of claim 39, further comprising: 
a first signal generator connected to the first 



. a second signal generator connected to the second c6^iV^^^^S^^ 

^48-. > ; The magnetic stimulator of claim 47, wherein: 

the first signal generator produces a signal at the first • * 
frequency; and : , : '"'"J^ 

the second signal generator produces a signal at the * second? - r ^W^^' v 
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The magnetic stimulator of claim 39, wherein the first coil 
comprises: 

a first conductor defining a signal path to a point on 
the first conductor; and 

at least one second conductor defining a signal path 
away from the point, the at least one second conductor being-" V.^v ? 
electrically connected in series with the first conductor at 
the point and extending from the point to a location spaced 
from the first conductor by a predetermined distance, at 
least a portion of the at least one second conductor, ^w,^.; , 
adjacent the point being non-parallel to the \';i^xsi^ ) . ' 
conductor. 




A method of magnetically stimulating a region of a ;; hnHwf^^-%;;- 1 ;'v: 



50. 

comprising: . : . 

subjecting the region to a beat frequency electric field ' 

produced by first and second time-varying magnetic fields having ^:Y\^^y^ 
• respective first and second frequencies, the first frequefrcy"'be^ 
-.different than the second frequency, the 
: Brain of the body 



region being ad j aeenfe^iai^rf^ : -^fy^ji 



51. The method of claim 50, further comprising: 

using a first coil to generate the first time-varyihq^^%^ ^ 
magnetic field; and 

l t using a second coil to generate the second 1 
; magnetic field. jV „ ;^ ;:,;/>;;^Ml 



and. tojnae^var^ • 



52. The method of claim 51, further comprising: 




using a third coil to generate the first-time varying 
magnetic field; and . . 

using a fourth 



: magnetic field. 



coil to generate the second-time varying*!^ 
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53. The method of claim 51, wherein the first ■ and- second*'^ 

are Helmholtz coils. 



>10 



54. The method of claim 50, wherein the region of the body is : . ... ..,v 

within the brain. • f 

55. A method of magnetically stimulating a region of a body, 
comprising: 

subjecting the region to a beat frequency electric field 
^produced by first and second time-varying magnetic fields havingv ^ir- 
respective first and second frequencies, the first frequenqy-^Eei^^ 
• x within 50 Hz of the second frequency, the first frequencVI^ 

***.' ' ' ~ ^"'^^^ 

different than the second frequency. ,K - ^^^Wi^^V.r-' 



20 



25 




15 56. The method of claim 55, further comprising: • i 

• using a first coil to generate the first time-varying 
magnetic field; and 
. Wv; ; using a second coil to 

^magnetic field ; 

57. The method of claim 56, further comprising: -f •:' r v*!^'''"' 

using a third coil to generate the first-time varyiiig-i.^^ 
magnetic field; and ■ v^,^ 

using a fourth coil to generate the >ec6hd-tim^^ 
magnetic field. 



58. The method of claim 56, wherein the first 
are Helmholtz coils. 
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59. 



The method of claim 55, wherein the region of the bqdy. ; .,a^,;?v 



adjacent a brain. 
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60. The method of claim 59, wherein the region of the bddy/^is;^ 
within the brain. : : : :u i; . ; . 



61. A method of magnetically stimulating a region of a body, 
5 comprising: .j>y; 

subjecting the region to a beat frequency electric field 
produced by first and second time-varying magnetic fields having 
respective first and second frequencies, the first frequency being 
different than the second frequency, the first and second, 
.•IP frequencies each being between about 5 KHz and about 100 KHz. : 4 , ^ 




" 62.. The method of claim 61, further comprising 

using a first coil to generate the first time-varying 
magnetic field; and ~ 

15 using a second coil to generate the second time-varying" 

magnetic field. ^^j^^^CSff^W^hh'- 

:;>v3 : ... < 63 . The method of claim 62, further comprising:^ 
^ ;-;Vi r r using a third coil to generate the 
20 magnetic field; and 

using a fourth coil to generate the second-time varying 
magnetic field. 




64 . The method of claim 62, wherein the first and second ;-cp^ 
^25; -are Helmholtz coils. ; , t . 



65. The method of claim 62, wherein the region 
adjacent a brain. 




30 66. The method of claim 65, wherein the region of the. bdd^^s||^^^^^g|j£^ 
. . .within the brain. 
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67. A method of magnetically stimulating a region of- a^-'-body|0] 
comprising: 

subjecting the region to a beat frequency electric field 
having a frequency between about 1 Hz and about 50 Hz and produced; 
by first and second time-varying magnetic fields having respective 
first and second frequencies, the first frequency being different 
than the second frequency. 



68. The method of claim 67, further comprising 

using 
[magnetic field 



r a first coil to generate the firs£_|^ 

:ield; " ^ ""' ^lilf ^S^^ 

using a second coil to generate the second t:^ 



magnetic field. 



69. The method of claim 68, further comprising: •,;>.;;; 
using a third coil to generate the first-time* vaxymg^ : ^ 

magnetic field; and 

- " using a fourth coil to generate the 
magnetic field. 

70. The method of claim 68, wherein the first and second :coi^^>^^ : ^^' 
are Helmholtz coils. 





. 71. The method of claim 67, wherein ^ ^ 
J^^cent a brairt; I ^ 



72. The method of claim 71, wherein the region of the body 4 is jr ;-fs- 



within the brain, 



:73. A method of magnetically stimulating a region of : :a -body^f^^^*»^^r 
comprising: ■ J. :Ak ^-l^Mi 
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■■' ■ • '--;v^i^ 

0 . . generating a first time-varying magnetic field having ''aj^^ 
first frequency along a first direction oriented toward the region 

of the body; and ;. . : 

generating a second time-varying magnetic field having a ;; ; ' -"''V^:- '. 

second frequency along a second direction oriented toward the 

region of the body; wherein: 

the first direction is different than the second direction; 
the first frequency is different than the second frequency; v 

and 

: the first frequency being within about 50 Hz of, £t>e, f ^?5^p^^^ggv^^ 
frequency. ■ '''V^^S^^^^fc^^l^ 



74. The method of claim 73, wherein the first and second 
frequencies are each between about 5 KHz and about 100 KHz 



75. The method of claim 73, wherein a difference between. *he.^. : • V-. ^-J^y^ 
ifixst and, second, .frequencies is between about 10 ' : H? ^and: Y^^||^^«|l^p 
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76. The method of claim 73, wherein the region of the body is 
' adjacent a brain of the body. . - : -.z-< : <-'':i~kt$&\ : ',- y- 

77. The method of claim 73, wherein the region of the .body ^;,in;.-;. -yy^.f;.. 
y./>a^brain of the body. • -'i-^' 



78 
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, A magnetic stimulation coil, comprising: * •■; - ^T^^^^^^^^ 

a first conductor defining a signal path to a point ..on; ; f ^^^>^i 5: . : " 
the first conductor; . V ,^-:;S#6: v- 

at least, one second conductor defining a -signal, 
• ' away from the point, the at least one second .con^cttor^ 

^electrically^cpnnected in series with ^ the ' ;f^?^^,^^^^^^^^^^^^ 
■ the point and extending from the point to a ioc^^nKs|a|^^^^^^^» 
from the first conductor by a predetermined distance, ■■^C'i^r^WW^^M^ 
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least a portion of the at least one second • conductor 

adjacent the point being non-parallel to the first , ;.; 

conductor; and ; : ,• 

a lead electrically connected to the second conductor- - : - v":;, ' 

79. The magnetic stimulation coil of claim 78, wherein the first - 
and second conductors form an angle between about 1° and about 90° 
at the point. ••• . ; - '"' 

< s 80. The magnetic stimulation coil of claim 78, wherein, the -€irst^^^|^^^^^ 
and second conductors form an angle between about 1° 'and *abo^/^S?v^^§S|^^S?: 
at the point. y \ • ' '^'V-Y:\. 

81. The magnetic stimulation coil of claim 78, wherein the f irst^ }' ;: ^/\\^ ; :S':. 
^5 ■ ; ;-and second conductors form an angle between about 10° and about' 

; 20° at the point. 

82. The magnetic stimulation coil of claim 78, wherein 
respective portions of the first and second conductors proximate -' : 

20 , the point are curved. ' ^^fM^^§0^ 




■0y : :. : : [ ;iB3. The magnetic stimulation coil of claim 78, wherein the "at ?i^M-^^W&- 
. ^ least one second conductor comprises six conduct or s^0^ 




25 84. The magnetic stimulation coil of claim 78 , 

second conductor comprises a wire. ■ . A 

85. The magnetic stimulation coil of claim 78, wherein the /secbiii^ 



• ' .^?"n^- ^conductor ^ comprises a surface 

: . : 30 



^ ^ coil of claim 78,- 

second conductor comprises at least a portion of a cbne^sliaij^^ 
surface. 



n;- . 
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87. The magnetic stimulation coil of claim 78, wherein the '/•"?-. ■ \ 
second conductor comprises at least a portion of an umbrella- ' ."<•'>/ 
shaped surface. 

5 

88. The magnetic stimulation coil of claim 78, further 

comprising a signal generator connected to the second conductors : < s . : " ' ^ 
via the lead. 

10 89. The magnetic stimulation coil of claim 88, wherein the ■^: j ;;^iJ : v ;;. ; 4- : 
signal generator operates at a frequency between about 5 KHz and ■ ' v^/, : ^'^: : ^v^'' 
about 100 KHz. . v'^&d^^^ 

::r 90.. The magnetic .stimulation coil of claim 88, wherein th0WM|^|^^^^^^^i^ 
•15 : signal generator operates at a frequency between about 1 Jlz. "#iid\^ 
:: about 1000 Hz. 




91. The magnetic stimulation coil of claim 78, wherein -the. firstly '■■■^P : M^>W : v- 
conductor is substantially straight. . "/'^ : 

92. The magnetic stimulation coil of claim 78., wherein, th^§^^^^^il^^^^ 
conductor comprises a helical coil. •: :\.\lf :> :r ^'^r^. 



.• 93. The magnetic stimulation coil of claim 78, /wherelhYJ ■> ^ 

25 the first conductor comprises a plurality of conductors; \ Y- ^^-^^^^^S^r^ 

the second conductor comprises a plurality of conductors; \ ;^i^^k.>A^#?:- . 

■ and . . ' /V/^iQ^.V^'.. . 

each of at least some of the second conductors..!^ A^^^^^^^^^^^f 
^'-v. "/-."electrically connected in series with a different one of the -M^^&^^^^0h ., ■ 
.? ; ^; v? , .conductors. ■ ■ -v^vfe^ 
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